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1
ENHANCED EFFICIENCY TURBINE

This is a continuation application of and claims priority to
U.S. patent application Ser. No. 12/890,330 filed Sep. 24,
2010 which is a continuation of U.S. patent application Ser.
No. 12/641,626, filed Dec. 18, 2009, now U.S. Pat. No. 7,818,
969.

FIELD OF THE INVENTION

The present invention relates generally to using fuel cells to
actuate turbines.

BACKGROUND OF THE INVENTION

The importance of energy conservation goes without say-
ing. Not only must fossil fuels be conserved for future use, but
limiting the amount of fossil fuels that must be burned
appears to be highly beneficial for the environment. Hence,
the present invention.

SUMMARY OF THE INVENTION

Accordingly, a system includes a reformer receiving
hydrocarbon fuel and outputting a stream of hydrogen and a
stream of carbon separate from the stream of hydrogen. A fuel
cell receives hydrogen output by the reformer but the fuel cell
does not receive the stream of carbon. The fuel cell provides
a first energy output and an output of water vapor which is
mixed with carbon output by the reformer to provide a mix-
ture. The mixture is directed against blades of a turbine to
impart torque to an output shaft of the turbine while the first
energy output of the fuel cell is also used to impart torque to
the output shaft of the turbine.

In example embodiments the mixture further includes a
surfactant. If desired, the output shaft of the turbine can be
coupled to a generator to cause the generator to output elec-
tricity when the output shaft is rotated, or the turbine can be
used to propel a vehicle to move.

The first energy output of the fuel cell may be connected to
an electric motor and the electric motor coupled to a rotor
coupling in the turbine, with the first energy output actuating
the electric motor. In some embodiments the hydrocarbon
fuel is provided to an intake of the turbine in addition to being
provided to the reformer. Also, if desired the fuel cell can be
electrically connected to a turbine ignition component to
provide ignition energy thereto.

In another aspect, a system includes a turbine including an
output shaft and a fuel cell providing output that is coupled to
the turbine so as to impart torque to the output shatft.

In another aspect, a method includes reforming hydrocar-
bon fuel into hydrogen and carbon, using the hydrogen to
produce electricity, and using the electricity to impart torque
to an output shaft of a turbine.

The details of the present invention, both as to its structure
and operation, can best be understood in reference to the
accompanying drawings, in which like reference numerals
refer to like parts, and in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a turbine-powered
generator in accordance with present principles;

FIG. 2 is a schematic representation of a turbine-powered
aircraft propulsion system in accordance with present prin-
ciples;
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FIG. 3 is a schematic representation of a turbine-powered
propulsion system for, e.g., land vehicles, helicopters, and
watercraft in accordance with present principles; and

FIG. 4 is a block diagram of an example of the present
actuation system.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIGS. 1-3 show various illustrative non-limiting applica-
tions of present principles. An actuation system 10, described
further below, imparts torque to a rotor of a turbine 12 to
rotate an output shaft 14 of the turbine. The turbine 12 may
include a compressor section and a turbine section in accor-
dance with turbine principles and may also have one or more
rotors or shafts which typically are coupled to each other and
which may be concentric to each other.

InFIG. 1, an output shaft 14 of the turbine is coupled to the
rotor of an electrical generator 16 to rotate the generator rotor
within an electric field and thus cause the generator 16 to
output electricity. In FIG. 2, the output shaft 14 is coupled to
the rotor of an aircraft fan 18, to rotate the fan and thus cause
it to generate thrust for propelling a turbofan jet plane. In FIG.
3, the output shaft 14 is coupled to the rotor of a propulsion
component 20 such as the rotor of a helicopter, the shaft of a
watercraft on which a propeller is mounted, or a drive shaft of
a land vehicle such as a military tank to rotate the rotor/shaft/
drive shaft as the case may be to propel the platform through
the air or water or over land, depending on the nature of the
conveyance. The propulsion component 20 may include a
drive train that can include a combination of components
known in the art, e.g., crankshafts, transmissions, axles, and
SO on.

FIG. 4 shows the details of an example embodiment of the
actuation system 10. A fuel tank 22 which contains hydrocar-
bon-based fuel such as but not limited to jet fuel can provide
fuel to the intake 24 of the turbine 12. The fuel typically is
injected through injectors in the turbine, where it mixes with
air compressed by the compressor section of the turbine and
ignited in a so-called “flame holder” or “can”. “Intake” refers
generally to these portions of the turbine that are preliminary
to the turbine blades. The high pressure mixture is then
directed to impinge on turbine blades 25 which are coupled to
the output shaft 14. In this way torque is imparted to the
output shaft 14 to cause it to rotate about its axis.

In addition to or in lieu of actuating the turbine 12 with fuel
directly from the fuel tank 22, the actuation system 10 may
include a reformer 26 which receives fuel from the fuel tank
22. The reformer 26 produces hydrogen from the fuel, and the
hydrogen is sent to a fuel cell 28, in some cases through a
hydrogen tank 29 first as shown. If desired, multiple reform-
ers and/or fuel cells may be used in parallel with each other.

The fuel cell 28 uses the hydrogen to generate electricity,
typically with a relatively high efficiency, by mixing the
hydrogen with oxygen from, e.g., the ambient atmosphere.
Without limitation, the fuel cell 28 may be a polymer
exchange membrane fuel cell (PEMFC), a solid oxide fuel
cell (SOFC), an alkaline fuel cell (AFC), a molten-carbonate
fuel cell (MCFC), a phosphoric-acid fuel cell (PAFC), or a
direct-methanol fuel cell (DMFC).

Inturn, electricity from the fuel cell 28 is sent to an electric
motor 30 to cause an output shaft of the motor 30 to turn. The
motor shaft is mechanically coupled through a rotor coupling
32 to a rotor of the turbine 12. Typically, the turbine rotor to
which the motor 30 is coupled is not the same segment of rotor
bearing the blades 25, although in some implementations this
can be the case. Instead, the turbine rotor to which the motor
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30 may be coupled may be a segment of the blade rotor that
does not bear blades or a rotor separate from the blade rotor
and concentric therewith or otherwise coupled thereto. In any
case, the motor 30, when energized by the fuel cell 28, imparts
torque (through appropriate couplings if desired) through a
turbine rotor to the output shaft 14 of the turbine 12, which in
some cases may be the same shaft as that establishing the
turbine rotor.

In addition, to realize further efficiencies, water in the form
of steam produced by the fuel cell 28 may be mixed with
carbon from the reformer 26 in a mixer 34, which may be a
tank or simple pipe or other void in which the water and
carbon can mix, with the mixture then being directed
(through, e.g., appropriate piping or ducting) to the turbine
intake 24. If desired, surfactant from a surfactant tank 36 may
also be added to the steam/carbon mixture. In any case, it may
now be appreciated that the steam/carbon mixture may
supplement fuel injection directly from the fuel tank 22 to the
turbine intake 24, or replace altogether fuel injection directly
from the fuel tank 22 to the turbine intake 24.

Still further, as indicated by the electrical line 38 in FIG. 4,
electricity produced by the fuel cell 28 may be used not only
to actuate the electric motor 30 but also to provide ignition
current for the appropriate components in the turbine intake
24. In cases where the reformer 26 generates carbon dioxide
and steam, these fluids may also be directed to the intake 24
directly from the reformer 26 or through the mixer 34.

In some embodiments, water can be returned from the fuel
cell 28 if desired to the reformer 26 through a water line 40.
Also if desired, heat from the turbine 12 may be collected and
routed back to the reformer 26 through ducting/piping “A” to
heat the reformer.

While the particular ENHANCED EFFICIENCY TUR-
BINE is herein shown and described in detail, the scope of the
present application is limited only by the appended claims.

What is claimed is:

1. A system comprising:

at least one reformer assembly receiving hydrocarbon fuel

and outputting hydrogen from as first output and product
depleted of hydrogen from a second output separate
from the first output outputting hydrogen;

at least one fuel cell receiving hydrogen from the first

output of the reformer but not being connected to the
second output of the reformer, the fuel cell providing a
first energy output and an output of exhaust;

product from the second output of the reformer being

directed into a receiver such that the receiver receives
both the exhaust from the fuel cell and the product from
the second output of the reformer.

2. The system of claim 1, wherein the exhaust from the fuel
cell and the product from the second output of the reformer
are mixed to establish a mixture, and the mixture further
includes a surfactant.

3. The system claim 1, wherein the receiver is a turbine and
an output shaft of the turbine is coupled to a generator to cause
the generator to output electricity the output shaft is rotated.

4. The system of claim 1, wherein the receive an engine that
propels a vehicle to move.

5. The system of claim 1, wherein the first energy output of
the fuel cell is connected to an electric motor and the electric
motor is coupled to a rotor coupling of the receiver, the first
energy output actuating the electric motor.

6. The system of claim of claim 1, wherein the hydrocarbon
fuel is provided to an intake of the receiver in addition to
being provided to the reformer.
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7. The system of claim 1, wherein the fuel cell is electri-
cally connected to a turbine ignition component to provide
ignition energy thereto.

8. The system of claim 1, wherein the fuel cell is a polymer
exchange membrane (PEM) fuel cell.

9. The system of claim 1, wherein the system is configured
such that H,O from the fuel cell is sent to the reformer.

10. The system of claim 1, wherein the system is config-
ured such that heat from the turbine is provided to the
reformer.

11. The system of claim 1, wherein the fuel cell is a solid
oxide fuel cell.

12. The system of claim 1, wherein the fuel cell is an
alkaline fuel cell.

13. The system of claim 1, wherein the fuel cell is a molten
carbonate fuel cell.

14. The system of claim 1, wherein the fuel cell is a phos-
phoric acid fuel cell.

15. The system of claim 1, wherein the fuel cell is a direct
methanol fuel cell.

16. A system comprising:

at least one fuel cell providing output;

at least one reformer assembly receiving hydrocarbon fuel

and reforming the hydrocarbon fuel into hydrogen and
carbon outputs;

the fuel cell receiving the hydrogen output from the

reformer assembly, wherein the fuel cell produces
exhaust, at least the exhaust of the fuel cell resulting
from the fuel cell processing the hydrogen output from
the reformer assembly being directed to a turbine to
impart torque to the turbine, the turbine including injec-
tors configured for receiving the exhaust of the fuel cell
resulting from the fuel cell processing the hydrogen
output from the reformer assembly and for injecting the
exhaust of the fuel cell resulting from fuel cell process-
ing the hydrogen output from the reformer assembly into
the turbine, the turbine further comprising a compressor
section of the turbine, and a combustor section for ignit-
ing the exhaust of the fuel cell resulting from the fuel cell
processing the hydrogen output from the former assem-
bly received from the injectors.

17. The system of claim 16, wherein the fuel cell is elec-
trically connected to an electric motor to actuate the electric
motor.

18. The system of claim 16, wherein fluid or steam pro-
duced by the fuel cell is directed to an intake of the turbine.

19. The system of claim 16, wherein the system provides
hydrocarbon fuel that does not pass through the reformer to an
intake of the turbine.

20. The system of claim 16, wherein the fuel cell is elec-
trically connected to a turbine ignition component to provide
ignition energy thereto.

21. The system of claim 16, wherein the fuel cell is a
polymer exchange membrane (PEM) fuel cell.

22. The system of claim 16, wherein the system is config-
ured such that H,O from the fuel cell is sent to the reformer.

23. The system of claim 16, wherein the system is config-
ured such that heat from the turbine is provided to the
reformer.

24. The system of claim 16, wherein the fuel cell is a solid
oxide fuel cell.

25. The system of claim 16, wherein the fuel cell is an
alkaline fuel cell.

26. The system of claim 16, wherein the fuel cell is a molten
carbonate fuel cell.

27. The system of claim 16, wherein the fuel cell is a
phosphoric acid fuel cell.
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28. The system of claim 16, wherein the fuel cell is a direct
methanol fuel cell.

29. A system comprising:

at least one fuel cell providing output;

at least one turbine providing output;

at least one reformer assembly receiving hydrocarbon fuel

and outputting separated streams of hydrogen fuel and
carbon reformate fuel,

wherein the hydrogen fuel is directed to the fuel cell and the

carbon reformate fuel is directed to the turbine, bypass-
ing the fuel cell.

30. The system of claim 29, wherein the fuel cell is elec-
trically connected to an electric motor to actuate the electric
motor.

31. The system of claim 29, wherein fluid or steam pro-
duced by the fuel cell is directed to an intake of the turbine.

32. The system of claim 29, wherein the system provides
turbine hydrocarbon fuel to an intake of the turbine, the tur-
bine hydrocarbon fuel not passing through the reformer.
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33. The system of claim 29, wherein the fuel cell is elec-
trically connected to a turbine ignition component to provide
ignition energy thereto.

34. The system of claim 29, wherein the fuel cell is a
polymer exchange membrane (PEM) fuel cell.

35. The system of claim 29, wherein the system is config-
ured such that H,O from the fuel cell is sent to the reformer.

36. The system of claim 29, wherein the system is config-
ured such that heat from the turbine is provided to the
reformer.

37. The system of claim 29, wherein the fuel cell is a solid
oxide fuel cell.

38. The system of claim 29, wherein the fuel cell is an
alkaline fuel cell.

39. The system of claim 29, wherein the fuel cell is a molten
carbonate fuel cell.

40. The system of claim 29, wherein the fuel cell is a
phosphoric acid fuel cell.

41. The system of claim 29, wherein the fuel cell is a direct
methanol fuel cell.



